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Abstract
In order to investigate the hyperﬁne coupling of three inequivalent 19F sites in the equilateral
triangular spin-tube antiferromagnet CsCrF4, we have measured the temperature dependence of
19F-NMR Knight shift in the paramagnetic state above 20 K. The hyperﬁne coupling constants
for three F-sites were determined to be −0.170, 0.280 and −0.045 T/μB, and were found to
be consistent with the observed spectra at 1.65 K, where the system is possibly in the ordered
state.
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1 Introduction
The eﬀect of the geometrical frustration on the antiferromagnets is not only to suppress the
ordering but also to invoke exotic ground states. For example, one can quote the quasi one-
dimensional competing spin chain Cs2Cu2Mo3O12[1] which has possibility of spin-nematic state,
the triangular-lattice quantum spin magnet κ-(BEDT-TTF)2Cu2(CN)3[2] showing the micro-
scopic phase-separated state of the paramagnetic microscopic islands surrounded by the singlet
sea, the Kagome´-lattice antiferromagnet Cs2Mn3LiF12 showing the anomalous increase in TN
with increasing magnetic ﬁeld [3] and another Kagome´ magnet Rb2Cu3SnF12 exhibiting the
spin liquid state[4].
Among them, triangular Heisenberg spin tube system has been attracting much attention
recently, because theoretical study has suggested that the system is possibly in the gapped
state with an exquisite arrangement of singlet dimers on the triangular tube[5]. According to
density-matrix renormalization-group (DMRG) results, the ground state of equilateral trian-
gular spin tubes has been argued to have an extremely small gap[5, 6, 7]. The attention is
further expanded, because its one-dimensionality suggests that it possibly bears the tempera-
ture dependence of physical quantities like that of a Tomonaga–Luttinger liquid in a certain
temperature scale above the small gap. So far, many compounds of spin tube system have been
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Figure 1: Schematic drawing of the crystal structure of CsCrF4 (a) ab-plane and (b) c-axis.
investigated, such as the twisted three-leg tube [CuCl2(tachH)3Cl]Cl2[8], the four-leg spin tube
Cu2Cl4 ·D8C4SO2[9, 10] and the nine-leg spin tube Na2V3O7[11, 12, 13]. However, because of
their complicated superexchange paths, these compounds are not regarded as a simple straight
tube which is suitably treated in theoretical study.
The title compound CsCrF4 consists of the equilateral triangle of Cr
3+ 3d-spins (S = 32 )
stacking along the c-axis without twisting. Cs atoms are arranged at the interstitial site be-
tween tubes, so tubes are expected to be separated well maintaining the low-dimensionality.
From density functional theory calculations, the exchange J1 for the triangle and the exchange
J2 along the chain are both antiferromagnetic with the ratio J1/J2  0.5, and the eﬀective
inter-tube spin exchange is negligibly small[14]. These assure that CsCrF4 is one of the sim-
plest model-compounds for odd-leg spin tube. Because the spin quantum number S = 32 is
on the border between quantum and classical systems, another interest arises weather or not
it shows the magnetic order with the spin structure of archetypal 120◦-type. Recently, the
magnetic phase diagram was calculated including a ferromagnetic intertube interaction based
on an analogy to Kagome´-triangular lattice[15]. The phase diagram suggested that the sys-
tem has some ordered state depending on the magnitude of the intertube coupling, such as
ferromagnetic order, incommensurate order or cuboc order. And on the other hand if it has
a gapful ground state, the possibility of formation of spin singlet state in S = 32 systems is
also intriguing; although there has been a theoretical suggestion[7], consensus on experimental
veriﬁcation is not settled.
A schematic drawing of the crystal structure is shown in Fig. 1. So far, CsCrF4 has been
investigated intensively by measurements of macroscopic quantities[16]. In contrast to the
theoretical expectation[7], the results of magnetic susceptibility and heat capacity suggest that
it has gapless ground state and yet no magnetic ordering[17]. Here the microscopic experiment is
mandatory to conﬁrm the existence of magnetic ordering at low temperatures. For this purpose,
one generally extracts the information of magnetic order from NMR spectra by the essential aid
of hyperﬁne coupling constants for each 19F site. In this paper, we try to determine the hyperﬁne
coupling for three inequivalent 19F sites in CsCrF4. From the temperature dependence of Knight
shift in high temperature paramagnetic state above 20 K, the hyperﬁne coupling constants
were successfully determined, and were found to explain well the NMR spectra obtained by a
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Figure 2: Typical proﬁles of 19F-NMR spec-
tra at various temperatures under the ﬁeld
around 5 T. Observed three peaks are pointed
by the number #1, #2 and #3.
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Figure 3: Plot of the shift ΔH for three
inequivalent 19F-sites versus temperature.
Open markers denote the shifts. Closed mark-
ers denote the magnetic susceptibility [18]
scaled by each corresponding hyperﬁne cou-
pling constant A. The numbers #1, #2 and
#3 are corresponding to the ones in Fig. 2.
preliminary measurement at low temperature 1.65 K.
2 Experimental Detail
The sample CsCrF4 was powder form, which was prepared by the conventional solid-state reac-
tion method, and was annealed under HF gas[18, 17]. The space group at the room temperature
is P62m with the lattice constants a = 9.619 A˚, c = 3.847 A˚[17].
NMR measurements for 19F nuclei were performed under the applied ﬁelds around 5 T.
Spectra were obtained by recording the spin-echo amplitude while sweeping external ﬁeld. The
uniform magnetic susceptibility was measured by SQUID magnetometer (PPMS, Quantum
Design Co., Ltd.).
3 Results and Discussion
Figure 2 shows the typical proﬁles of 19F-NMR spectra taken under 5 T in the paramagnetic
state. There have been observed three peaks, the one at around 4.95 T(#1) and the other two
overlapping each other at around 4.98 T(#2 and #3). Figure 3 shows temperature dependence
of the shift ΔH for each peak. The peak shift #1 is positive, and increases as lowering tem-
perature, takes maximum at around 70 K and decreases below it. The peak shift #2 and #3
are negative. The latter decreases as lowering temperature and takes minimum at around 70 K
and increases below it. The former is very small in magnitude, and decreases only slightly with
decreasing temperature. In order to obtain the hyperﬁne coupling constants, we have ﬁtted
the linearly-scaled magnetic susceptibility[18] to the peak shifts above 70 K. The hyperﬁne
coupling constants for three F-sites were determined from scaling factors to be −0.170, 0.280
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and −0.045 T/μB.
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Figure 4: 19F-NMR spectra at 1.65 K. #I, #II
and #III denote three parts of spectra. The
arrows show the charactristic width of each
part of the spectrum (see text).
Next, Figure 4 shows the low temperature
spectrum, obtained by a preliminary experi-
ment at 1.65 K. In contrast to the spectra in
paramagnetic state, its entire width exceeds one
tesla suggesting that the system is in the mag-
netically ordered state. The proﬁle of spectrum
consists of three parts, an extremely wide tail
with an edge at both sides(I), a sharp peak at
the center(II) and a broad one with a tiny shoul-
der at both sides(III). Each width of I and III is
deﬁned as the distance between the two edges
or shoulders at higher and lower ﬁeld side. The
width of II is deﬁned as the full width at half
maximum of decomposed peak. Here, these
three parts I, II and III are assigned to the para-
magnetic three peaks #1, #2 and #3, respec-
tively. First, the ﬂat plateau with the largest
width (I) corresponds to the paramagnetic peak
#1. This estimates the size of Cr3+ ordered
moment as 12 ·1.76/A1  3.14μB, which is 81 %
of the full moment of Cr3+, and is reasonable value. With this value, however, the other two
widths of II, III in the low temperature spectrum cannot be explained; both A2 and A3 are too
large. This means that the hyperﬁne ﬁeld of the two 19F sites corresponding to A2 and A3
must be partly cancelled out (geometrical cancelling) in the ordered state. For example, the
hyperﬁne ﬁeld at 3g site must be very small, if there is an antiferromagnetic alternation along
the chain. We expect to reach the spin structure, by further analysing the detail of spectrum,
which is now in progress.
4 Summary
Temperature dependence of 19F-NMR Knight shift of the equilateral triangular spin tube
CsCrF4 has been measured in the paramagnetic state above 20 K, in order to investigate
the hyperﬁne coupling for three inequivalent 19F sites. From the ﬁtting between the uniform
magnetic susceptibility[18] and the peak shifts, the hyperﬁne coupling constants for three F-
sites were determined to be −0.170, 0.280 and −0.045 T/μB. The obtained hyperﬁne coupling
constants were found to be consistent with the observed spectra in the possibly ordered state
at 1.65 K.
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